One new lycopodine-type Lycopodium alkaloid, dehydroisofawcettiine N-oxide (1) and eleven known analogues (2−12) were isolated from the whole plant of Diphasiastrum complanatum. The new structure was established on the basis of spectroscopic methods, including 2D NMR techniques. The absolute configurations of 2 and its new N-oxide derivative (1) were deduced by chemical transformation combined with Cotton effects in their electronic circular dichroism (ECD) spectra.
Diphasiastrum complanatum (L.) Holub (syn.: Lycopodium complanatum L.) belonging to the family Lycopodiaceae and commonly known as "Guo-Jiang-Long" in Chinese, is a club moss mainly distributed in temperate and subtropical areas. This plant has been used as a folk medicine for the treatment of arthritic pain, quadriplegia, contusion, and blood stasis [1] . Previous investigations of this plant led to the isolation of a number of Lycopodium alkaloids [2] with interesting bioactivities, such as enhancement of mRNA expression for nerve growth factor (NGF) [2d,2i], cytotoxicity against murine leukemia L1210 cells [2i] , and antimicrobial activity [2i] . During the continuing program of discovery of novel bioactive alkaloids from club mosses [3] , the chemical constituents of D. complanatum were reinvestigated. Herein described are the isolation and structural determination of one new (1) and eleven known (2-12) Lycopodium alkaloids ( Figure 1 ) from the title plant.
The air-dried and pulverized whole plant of D. complanatum was extracted with 90% MeOH at room temperature and then worked up as usual [3, 4] to give the crude alkaloid-containing extract. From this, 12 Lycopodium alkaloids were isolated and characterized (1-12, Figure 1 ). Comparing their spectroscopic data and physicochemical properties observed and reported, the known alkaloids were identified as dehydroisofawcettiine (2) [5] , lycopodine (3) [6] , lycopodine N-oxide (4) [7] , L.20 (= 6αhydroxylycopodine, 5) [8] , clavolonine (6) [9, 10] , flabelliformine (7) [10], 6-epi-8β-acetoxylycoclavine (8) [11] , acetylfawcettiine (9) [6] , lycoclavine (10) [12] , 12-deoxyhuperzine O (11) [13] , and lycodine (12) [14]. Among them, alkaloids 2, 4, 6, 8 and 9 are reported here for the first time from the title plant.
Compound 1 showed an [M+H] + ion peak at m/z 322.2016 (calcd 322.2013) in its positive mode HRESIMS, corresponding to the molecular formula C 18 H 27 NO 4 . The IR absorption bands at 1707 and 1733 cm -1 implied the presence of ester and ketone carbonyl groups. The 1 H and 13 C NMR data of 1 (Table 1) , with the aid of an HSQC NMR experiment, showed the presence of one methyl doublet at δ H 0.94 (3H, d, J = 6.2 Hz, Me-16; δ C 19.0), eight sp 3 methylenes, five sp 3 methines (including one oxymethine at δ H 4.62 (1H, dd, J = 11.0, 4.1 Hz, H-8), δ C 79.2), one sp 3 (δ 74.4) quaternary carbon, and one carbonyl group (δ C 207.9) for the skeleton, along with signals assignable to an acetyl group [δ H 2.06 (3H, s); δ C 21.3 and 170.4]. The above spectroscopic data showed high similarity to those of a known lycopodine-type alkaloid, dehydroisofawcettiine (2) [5] ; however, the complete 1 H and 13 C NMR data of 2 have never been reported until the present study. Differing from 2, the molecular formula of 1 contains one more oxygen atom. Meanwhile, the 13 C NMR shifts of C-1 (δ C 64.4), C-9 (δ C 59.8) and C-13 (δ C 74.2) neighboring the N-atom in 1 were all shifted to lower field compared with the corresponding carbons [δ C 47.0 (C-1), 46.9 (C-9) and 59.3 (C-13)] of compound 2 (see Experimental section). Thus, compound 1 was assumed to be the Noxide derivative of 2, which was confirmed by further detailed 2D NMR (COSY and HMBC) spectroscopic analyses of 1 ( Figure 2 ). The relative configuration of 1 was then found to be the same as that of dehydroisofawcettiine (2) from the magnitudes of J As previously described by Ayer and Altenkirk [15] , the lycopodine-like alkaloids with a carbonyl group at C-5 and in which the nitrogen lone pair is equatorial to ring A consistently display two Cotton effects above 200 nm, a positive around 288 nm due to n→π transition and a negative centered at 223 nm associated with σ-coupled p interaction. In good agreement with this assumption, the electronic circular dichroism (ECD) spectrum of dehydroisofawcettiine (2) exhibited a positive Cotton effect at 295 nm (Δε +1.09) and a negative one at 214 nm (Δε -1.85), which matched well with that of lycopodine (3) [15] , as depicted in Figure  3 . Thus, the absolute configuration of 2 could be unequivocally determined as 4S,7S,8R,12R,13R,15S. In the case of alkaloid 1, due to the disappearance of the nitrogen lone pair after oxidation, it is hard to judge the related Cotton effects since its ECD curve almost flattened (Figure 3) . Nevertheless, the absolute configuration of 1 was established to be the same as that of 2 by chemical transformation. In a supplementary oxidation experiment, compound 2 was treated with one equivalent of m-CPBA to produce its N-oxide derivative (Scheme 1), which was identical to 1 by means of HPLC, optical rotation, and spectroscopic analyses. Accordingly, the structure of 1 was defined as (4S,7S,8R,12R,13R,15S)-dehydroisofawcettiine N-oxide. Indeed, naturally occurring N-oxide derivatives of Lycopodium alkaloids have often been encountered [2h, 7, 16] .
Similar to casuarinines A-J, lycodine-type alkaloids from
Lycopodiastrum casuarinoides [3] , all the isolates were evaluated for their neuroprotective and anti-acetylcholinesterase (AChE) effects, but none of them were active. They also did not show any significant cytotoxicity against human A-549 and NCI-H460 cancer cell lines. 
Extraction and isolation:
The air-dried and pulverized whole plant of D. complanatum (1.6 kg) was extracted with 90% MeOH (5 × 8 L) at room temperature, and the MeOH extract (170 g) was partitioned between EtOAc and 3% tartaric acid. The water-soluble portion, adjusted to pH 9 with sat. Na 2 CO 3 , was partitioned with CHCl 3 . The CHCl 3 -soluble portion (3.9 g) was loaded on a silica gel column, eluted with a gradient of CH 2 Cl 2 /MeOH (1:0-0:1) to Alkaloids from Diphasiastrum complanatum Natural Product Communications Vol. 10 (12) 2015 2093 afford fractions 1-8. Fraction 2 (40 mg) was chromatographed on Sephadex LH-20 (CH 2 Cl 2 /MeOH, 2:1) to afford 2 (1.9 mg) and 11 (6.1 mg). Fraction 3 (90 mg) was subjected to silica gel CC (CH 2 Cl 2 /MeOH, 50:1) and then purified by semi-preparative HPLC [MeOH-H 2 O (containing 0.05% Et 2 NH, v/v) 60:40, v/v; flow rate, 3.0 mL/min] to furnish 1 (1.7 mg, t R = 10.4 min) and 4 (5.6 mg, t R = 12.0 min). Supplementary data: NMR spectra of compounds 1 and 2 are available in electronic form on the publisher's website.
